Photosynthesis, R hodopseudom onas palu stris, Respiration Chain, Electron Retardation, ATPase R h odopseu dom onas palu stris is grown photosynthetically on thiosulfate. As pointed out earlier, the chromatophore deficient cell-free fraction S-144,000 catalyzes the thiosulfate-linked ATPdependent reversal of electron transfer in anaerobiosis, thus providing reducing equivalents in the form of NADH. Under aerobic conditions, this fraction also catalyzes the oxidation of NADH, ferro-cytochrome c, or ascorbate. ATP, ADP, and PP; are active in retarding the aerobic electron flow. The electron retardation is stimulated by the addition of Mg2+ due to a Mg2+-stimulated ATPase present. The ATPase system in S-144,000 hydrolyzes ATP, ADP, and P P ,. Similarly, ATP or ADP or even PP; can function as energy sources in order to achieve the reduction of pyridine nucleotide. The ATPase turnover is diminished by NADH or NAD+. Admixture of ascor bate results in an increased ATPase activity. Exactly the enhanced amount of adenine nucleotide hydrolysis caused by the addition of ascorbate is inhibited by cyanide.
Introduction
Respiratory activity by whole cells of non-sulfur purple bacteria was shown in earlier studies to be inhibited by illum ination1. Later, similar results were obtained with Rhodospirillum rubrum , R hodo pseudom onas spheroides and Rps. capsulata cells 2. Studies with R. rubrum revealed that light absorbed by the photosynthetic pigments caused the inhibition of the oxidation of respiratory sub strates3-5. Sug gestions were made that the inhibition is created by energy-rich compounds and/or electron carriers common to both the photosynthetic and the respira tory system 5' 6. This view was supported by the fact that ATP is efficient in replacing light energy while perform ing an energy-dependent reduction of pyri dine nucleotide linked to the oxidation of succinate by R. rubrum chromatophores 7. Also, it has been demonstrated by use of cell-free extracts from R hodopseudom onas palustris that the reduction of nicotinam ide adenine dinucleotide was achieved by a thiosulfate-linked, energy-dependent reversed electron transfer in the dark, where ATP served as the energy so u rce8. Therefore, it was examined whether in the dark ATP would influence the respiratory downhill electron flow in Rps. palustris.
A b b revia tio n s: BAL, British anti-lewisite (2,3-dimercaptopropanol) ; DSPD, N^'-disalicylidene-l.S-diaminopropane; EDTA, ethylenediamine tetraacetate, disodium salt; GSH, reduced glutathione; P P ;, inorganic pyro phosphate.
The reversal of electron transfer is perform ed by the ATPase reaction which functions as the driving force with ATP being the su b strate9. Recent re ports, however, on Chrom atium strain D chromato phores 10 as well as on purified cell-free systems from Bacillus stearotherm ophilus 11 do suggest that ADP also may be the substrate for "ATPase" -linked functions. ADP will cause, for example, energydependent conform ational changes in B. stearotherm ophilus which were attributed previously to ATP. For this reason, the ATPase system in Rps. palustris cell-free extracts was studied and was in vestigated especially concerning energy-rich phos phates other than ATP to suit as substrates for the ATPase reaction.
Since the light supernatant fraction S-144,000 X g from the bacterium also catalyzes the energy-depen dent reversed electron flow 8, this cell-free fraction was used mainly in the experiments. Furtherm ore, the existence of closed vesicles in S-144,000 could not be demonstrated by electron microscopic studies 1 2 , 13 and failed to be proved by biochemical methods including the action of ionophore anti biotics (see discussion). Nevertheless, respiratory electron flow could be demonstrated in S-144,000. An active NADH oxidase as well as a cytochrome c-oxygen oxidoreductase were found to be operative in the light cell-free fra c tio n 14. Therefore, using NADH and reduced cytochrome c as the substrates, studies were undertaken to determine the respiratory activities catalyzed by S-144,000. While this frac tion practically is devoid of the photosynthetic ap paratus 8, the possible interference of ATP, and eventually other energy-rich phosphates substituting light energy, with the aerobic electron transport was investigated.
\

M aterials and M ethods
Rps. palustris (ATCC 11168, identical to ATCC 17001, neo type, 1974) was grown photosynthetically with thiosulfate as the electron d o n o r8. The cells were harvested after two days of growth and ruptured by passing twice through the French pressure cell at 18,000 PSI in a medium containing 0.05 m Tris-HCl (pH 8 .0 ), 5.0 m M MgCl2 , 0.5 m M GSH and 0.5 m M EDTA. The light cell-free fraction was obtained as the supernatant after centrifugation at 144-000 x g for l h (S-144,000) and was dialyzed subsequently for 12 h. More detailed inform a tion on the methods used is given in ref. 8 ' 15 and also in the legends to the Figures and Tables.
Oxygen uptake was measured polarographically in Tris-HCl buffer, pH 8.0, at 30 C (see Table I ). ATPase activity was determined using the method given by Fiske and Subbarow 16. An ADP-trapping system 17 was not applied. Protein determination was perform ed by the biuret method of Gornall et a l . 18 . Biochemicals were obtained from Boehringer Mannheim. Corp., Germany. DSPD was purchased from Fluka AG, Buchs, Switzerland.
R esults
O xidation chain and aerobic electron transport
As far as electron transport carriers are con cerned, it can be demonstrated that S-144,000 from the anaerobically grown photosynthetic bacterium contains pyridine nucleotide, a flavoprotein system, and cytochromes of type c, a, and cytochrome o 8> 14. The latter actually may be identical with cytochrome c c . Although in very small amounts, also a cyto chrome of type b could be found to be in S-144,000 *. The possible involvement of copper in the terminal section of the oxidation chain has been shown in d irectly 14. Its presence could be proved now by means of atomic absorption spectro photometry. 20 ng Cu were found to be present per 1 mg S-144,000 cell-free protein.
Active electron donors for the aerobic oxidation chain operating in S-144,000 are NADH, ferrocytochrome c, and ascorbate (Table I ). The S-144,000 mediated oxidation of exogenous sub strates is sensitive to rather high concentrations of cyanide with the inhibition effect rem aining in- 
R espiratory electron transport retarded b y energyrich phosphates
The light fraction S-144,000 from the photo synthetically grown bacterium, when catalyzing the oxidation of respiratory substrates, does not reveal respiratory control after the addition of ADP plus P ; . An unexpected property is observed when ADP, as well as ATP or even P P j, is added to the cellfree extract oxidizing NADH, ferro-cytochrome c, or ascorbate. The electron flow actually is retarded by mM concentrations of the energy-rich phosphates (Table II, Fig. 1 ). AMP does not cause the electron retardation. Table II . Influence of energy-rich phosphates on the oxi dation of NADH, ferro-cytochrome c, and ascorbate by S-144,000. The experimental conditions were the same as given in Table I . Adenosine phosphates as well as PPi were preincubated with the cell-free extract for about 1 min prior to the addition of the substrates.
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Substrate oxidation decreased b y M g2+-ions
The above mentioned effect of ATP and homologues on the oxygen uptake also can be observed simply by the addition of Mg2+-ions to S-144,000. The decreased rate of oxygen consumed caused by Mg2+ (Fig. 1 ) apparently is correlated with the Mg2+-stimulated ATPase active in S-144,000. Ob viously, even after dialysis the ATPase protein keeps its substrate closely bound so that an ad dition of Mg2+ stimulates the ATPase system present. The effect of ATP and Mg2+ is viewed to inhibit the proceeding oxidation of reduced pyridine nucleotide (Fig. 1 ) . Also, the oxidation of ferro cytochrome c or ascorbate is diminished by Mg2+-ions.
Energy-rich, phosphates as substrates for the ATPase-system in S -144,000
The ATPase-system present in the light cell-free fraction uses as its substrate, besides ATP, also the ADP or PPi compound. ATP, however, remains as the most effective energy-rich substrate (Table I II) . Table III Likewise, not only ATP functions as the energy source in S-144,000 in order to achieve reversed electron transport in anaerobiosis 8. NAD+ reduction also can be observed when energy is applied as the ADP and even PPi molecule (Fig. 2 ) .
ATPase m ediated h ydrolysis of A T P and A D P
It can be observed by chromatographic analysis that ATP becomes hydrolyzed through the m ediation of S-144,000 whereby, as a function of time, ADPspots become visible and, while these are getting lighter, the spots representing AMP will increase in distinctness. Also, the S-144,000-catalyzed hydro- lysis of ADP can be viewed by chromatographic separation of the product AMP. Minor but distinct spots of ATP appear under sim ilar conditions after 0.5 to 2.0 min following the start of ADP hydrolysis (Fig. 3 ) . F urther studies have to clarify whether or not adenylate kinase activities are involved. 
Influence of electron donors on A T P ase a ctivity
The NADH-linked, aerobic electron flow is shown to be retarded in S-144,000 by the addition of energy-rich phosphates ( Fig. 1 ; Table I I) . On the other hand, the ATPase reaction can be diminished by the admixture of NADH (Table IV ) . The ad dition of ferro-cytochrome c does not have an effect 
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on the ATPase turnover in S-144,000, whereas the ascorbate-treated enzymatic system reveals clearly an increased ATPase reaction rate (Table IV ) . Cyanide, even in very high concentrations (9 m M ), does not affect the ATPase reaction itself and also does not cause a significant effect on the NADH-inhibited as well as on the ferro-cytochrome c-treated (yet unaffected) ATPase turnover. How ever, precisely the am ount of the ATPase reaction rate which is increased by the addition of ascorbate will be inhibited by cyanide (Table V ) . Table V . Effect of cyanide on ATPase activity treated with respiratory substrates. The experimental conditions were the same as described in Table IV Furtherm ore, it is observed that the ATPase activity is not only inhibited by NADH but can be diminished equally well by NAD+ (Table V I ). 
D iscussion
Rps. palustris develops an intracytoplasmic con tinuous membrane system that originates from and even remains connected to the cytoplasma mem brane 6. Electron m icrographs reveal that after breaking the cells the crude cell-free extract con tains particles of different size and form which are not closed completely 13. Attempts to obtain photo phosphorylation rates with chromatophore prepara tions from the bacterium by use of proton uptake experim ents19 were not successful. Likewise, ex periments to study the atebrin fluorescence for measuring pH gradients20 across chromatophore membranes reveal very low activities compared, e.g., to preparations obtained from Rps. spheroides. These findings also support the view that membrane particles in cell-free extracts from Rps. palustris do not fold up perfectly to form closed vesicles. If the supernatant fraction S-144,000 again is centrifuged at 144,000 X g for about 12 h, a small residue is obtained. Using this portion, an alteration in the degree of 9-aminoacridine fluorescence by an induced pH g ra d ien t20 results in small values that decline rapidly. Likewise, this observation indicates that, if vesicles are still present in S-144,000, then they must be leaking*' **. -Besides membrane fragm ents12,13, the supernatant fraction S-144,000 contains electron transport carriers.
However, the aerobic oxidation of all suitable substrates by Rps. palustris cell-free extracts (Table I) exhibits sensitivity towards ATP and other energy-rich phosphates. The electron flow is observed to be retarded by the concomitant hydro lysis of ATP, ADP, or PPi (Tables II, III ; Fig. 1 ). It appears that cell-free preparations from the anaerobically grown photosynthetic bacterium cata lyze preferentially the ATPase dependent reverse electron transport under anaerobic conditions against the thermodynamic gradient. The hydrolysis of the energy-rich phosphates that can not be avoided in the in vitro experiments with the supernatant fraction explains the failure to observe oxidative phosphorylation coupled to the oxidation of respira tory substrates in S-144,000.
The ATPase activities observable in cell-free ex tracts from the genus Rhodopseudom onas (Table  HI) low ATP concentrations reveal interesting properties of the enzyme which would not have been noticed at high ATP levels 23. The effectiveness of ADP and P P j in addition to ATP as substrates for the ATPase system in S-144,000 (Table III) supports the observation that also the reduction of pyridinnucleotide catalyzed by the supernatant fraction in anaerobiosis is achieved by the addition of ATP, ADP, or PPj as energy sources (Fig. 2 ) .
Similar to ATP which is hydrolyzed to ADP and is completely hydrolyzed further to AMP, the action of ADP also appears to be due to its hydrolyzation (Fig. 3 ) . However, the appearance of ATP besides AMP during the ADP reaction indicates the in fluence of an adenylate kinase. In studies with chloroplasts it has been observed that 1 ATPase binds 2 ADP which will be transphosphorylated into ATP and AMP 24.
On one hand ATP causes the retardation of NADH oxidation (Fig. 1 ) , while on the other hand the ATPase turnover is decreased by the addition of NADH or even NAD+ (Table V I ). In this con nection, it may be of interest to note that a NADH dehydrogenase from beef heart mitochondria is inhibited competitively by ATP 25.
Besides NADH (Tables IV -V I) > the ATPase system can be influenced differently by other elec tron donors in S-144,000 which use oxygen as the acceptor, such as ascorbate or even dithiothreitol (Tables IV, V ) . Ascorbate stimulates the ATPase reaction rate as does dithiothreitol which also is known to stimulate the ATPase of spinach chloro plast CFX 26. It is noticed that exactly the amount of ATPase turnover that is stimulated by ascorbate or dithiothreitol will be inhibited by the addition of cyanide in S-144,000 (Table V ) . Reducing agents which do not cause an electron flow accompanied by oxygen consumption in S-144,000, e. g., di thionite, GSH, or BAL, will not induce an in creased rate of the ATPase reaction, indicating that aerobic electron flow is involved in the stimulation of an ATPase activity.
Ferro-cytochrome c, which is a rather weak elec tron donor to couple with the aerobic oxidation chain present in S-144,000 (Table I ) , does not reveal an influence on the ATPase system (Tables  IV, V ) . The prim ary electron donor under anaerobic conditions, i. e., thiosulfate, reduces endogenous cytochrome of type c 8 in cell-free extracts from the bacterium. Thus, in anaerobiosis, the ATPase dependent reduction of pyridine nucleotide is ini tiated. It can be viewed to proceed with the con comitant oxidation of reduced cytochrome c 8 (Fig. 2 ) .
In Rps. palustris, the generation of reducing power via reversal of electron transfer may be con trolled by the diphosphopyridinnucleotide as in dicated by the observation that added NAD+ or NADH decreases the ATPase reaction rate. How ever, NADPH or NADP+ causes a much less dim in ishing effect on the ATPase turnover. Likewise, the aerobic oxidation of NADPH is catalyzed by S-144,000 at about half the rate compared to NADH oxidation. Since transhydrogenase activity can be proved in Rps. palustris after photosynthetic growth on thiosulfate (unpublished), one can view rather the NADPH molecule to represent a trap for the reducing power generated in the bacterium.
The well-known and often described observation that respiration in photosynthetically grown Rhodospirillaceae is decreased in the light can be ex plained by the action of energy-rich phosphates. Since compounds such as ATP, ADP, or PP; re present suitable energy sources for the reverse elec tron transport, the light-dependent decrease in the respiratory electron flow can be seen as an action of ATP, or even PP; 27, 28, or of a common precur sor of the energy-rich phosphates generated during the bacterial photophosphorylation.
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